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(Currently Amended) 1. A method of configuring a semiconductor 
optical amplifier increasing th e luminescent bandwidth of a photoelectric 
semiconductor device by s e parate confin e m e nt hctcrostructurc , the 
m e thod comprising: 

disposing a controlling the widths of different s e parate 
confinement hcterostructur e s and producing multi-layer 
quantum well structure structures comprising multiple 
layers each having a different luminescent wavelength 
wherein said multi-layer quantum well structure is disposed 
between a first and a second separate confinement hetero- 
structure (SCH) regions widths or constituent materials with 
the carrier distribution therein is controlled by cither 
electrons or holes ; and 

adjusting a shortening the width of the SCH regions whereby a 
time for capturing a hole carrier in said multi-layer quantum 
well structure is substantially equal to a time for capturing an 
electron carrier in said multi-layer quantum well structure. 
s e parate confin e m e nt hetcrostructurcs in compliance with the 
mobility of holes, and thereby the time for the electrons to be 
captured into th e multi - layer quantum well structures is 
approximate to th e tim e for the holes to be captured into the 
multi - layer quantum w e ll structures . 



June 17, 2005 



-3- 



IAM03194(10/729,411) 



(Currently Amended) 2. The method according to claim 1 further 
comprising a step of wherein: 

applying said electron carrier as a dominant carrier. 
the relationship between time for holes to e nt e r the multi - layer 
quantum well structures and the time for electrons to be 
captured by the quantum well structures is satisfactory for the 
criterion of: — I the time for holes to ent e r th e quantum well 
structures fe P/d iffu , ion ) the time for e lectrons to be captured by the 
quantum well structure fe ncap ) 1 < 1 picosecond . 

(Currently Amended) 3. The method according to claim 1 further 
comprising a step of wh e r e in :: 

applying said hole carrier as a dominant carrier. 

the width of the separate confinement hctcrostructurcs is 
shortened to allow the time for hol e s to enter the multi - lay e r 
quantum well structures to be limited within 5 picoseconds. 

(Currently Amended) 4. The method according to claim 1 further 
comprising a step of wh e r e in : 

disposing a barrier layer between an upper quantum well 
layer of said multi-layer quantum well structure and a 
lower quantum well layer of said multi-layer quantum well 
structure having a different luminescent wavelength from 
said multiple layers of said multi-layer quantum well 
structure. 
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the energy levels of the multi layer quantum well structures 
is sufficient to provide desirable luminescent wavelengths 
by stacking multi - lay e r quantum well structures having 
different widths or constituent materials. 

(Currently Amended) 5. The method according to claim 1 further 
comprising a step of wh e rein : 

disposing said first SCH region near a first semiconductor 
region of a first conductivity type and and second SCH 
region near a semiconductor of a second conductivity type 
opposite said first conductivity type. 

the step of shortening the width of the separat e confin e m e nt 
heterostructurcs in compliance with the mobility of holes is 
accomplished by short e ning th e separate confinement 
hctcrostructur e s located in the proximity of a P - typ e 
semiconductor side to allow the time for holes to r e ach th e 
multi - layer quantum w e ll structures to be limited within 5 
picos e conds. 

(Currently Amended) 6. The method according to claim 1 further 
comprising a step of wh e r e in : 

providing said different luminescent wavelengths for each of 
said multiple layers of said multi-layer quantum well 
structure for spectrally combining said different luminescent 
wavelengths into a broadband spectrum. 
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at the step of shortening the width of the separate 
confinement hctcrostructurcs in compliance with the 
mobility of holes, the width of the separate confinement 
hctcrostructurcs in the proximity of a N - typc semiconductor 
side i3 larger than the separate confinement hctcrostructurcs 
located in the proximity of the P type semiconductor side, so 
as to allow the difference between time for holes to reach the 
multi - lay e r quantum well structures and the time for 
electrons to reach the multi layer quantum w T cll structures to 
be limited within 3 picoseconds. 
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(Currently Amended) 7. The method according to claim 1 further 
comprising a step of wherein : 

providing said different luminescent wavelengths for each of 
said multiple layers of said multi-layer quantum well structure 
for spectrally combining said different luminescent waveleng ths 
into a broadband spectrum covering substantially a wavelength 
range from 1250nm to 1650nm. 

the — separate — confinement hctcro - structurcs — locat e d — in — the 
proximity of P - typc semiconductor side includ e s an extremely 
thin N type s e miconductor, and wherein a width of the 
extremely thin N - type semiconductor i3 not gr e ater than 5 nm 
and is used to prevent th e dopant of the P type s e miconductor 
from penetrating into the quantum well structures. 

(Currently Amended) 8. The method according to claim 1 further 
comprising a step of wh e r e in : 

applying an the following arithmetic model is used to determine 
whether an electron carrier or a hole carrier which carrier is the a 
dominant carrier for adjusting said width of the SCH regions 
whereby a time for capturing a hole carrier in said multi-layer 
quantum well structure is substantially equal to a time for 
capturing an electron carrier in said multi-layer quantum well 
structure. 
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wh e r e d p and d tt r e sp e ctiv e ly r e pr e s e nts th e distance that the 
hole or electron diffused to the quantum well, D p and D ft 
repr e sent — the — diffusion — coefficients — ef — semiconductor 
5 mat e rial, W r e pres e nts the width of the multi - layer quantum 

well structures, d p x cp and d n x cn respectively represent the 

e l e ctron captur e time and hole captur e tim e according to th e 
calculation r e sult derived bas e d on quantum physics, and 
^ vim rjon-t^ciuu-t^nt rnzii n ' and caun respectively represent the 
10 diffusion tim e of the holes in the separate confinement 

h e t e rostructure, the diffusion time of the electrons in the 
separate confinem e nt heterostructurc, the e quival e nt hole 
capture time of the multi - layer quantum w e ll structures, and 
th e equivalent electron capture time of the multi - layer 
15 quantum well structures, and wherein an equival e nt carrier 

capture time of the multi - layer quantum w e ll structures is 
e qual to the product of the carrier captur e time of the multi - 
layer quantum well structures multiplied by a volume ratio 
oM/W or dy Wr 



20 



(Currently Amended) 9. The method according to claim 8 1 further 
comprising a step of wh e rein : 

using different materials for each of said layers of said multi- 
25 layer quantum well structure for providing said different 

luminescent wavelengths for spectrally combining said 
different luminescent wavelengths into a broadband 
spectrum. 
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the time associated with hol e s • piM is d e fin e d as the sum of 
the diffusion time of the holes in the separate confinem e nt 
hct e ro3tructurc plus the equivalent hole capture tim e of th e 
multi-layer quantum well structur e s, and is compared with 
th e tim e associated with electrons being defined as the 
sum of the diffusion time of th e el e ctrons in the separate 
confinement hcterostructurc plus the e quival e nt el e ctron 
capture time of the multi - layer quantum well structur e s. 

(Currently Amended) 10. The method according to claim 9 1 further 
comprising a step of wh e r e in : 

using different widths for each of said layers of said multi- 
layer quantum well structure for providing said different 
luminescent wavelengths for spectrally combining said 
different luminescent wavelengths into a broadband 
spectrum. 

j^n ^M/ ^* M to f * electrons arc sufficient to enter the two - 
dimensional energy lev e l of the multilayer quantum well 
structures earli e r and thereby result in a higher electron 
d e nsity in the proximity of th e N - typc semiconductor side, 
and the holes that e nt e rs th e two dim e nsional energy level 
of the multi - layer quantum w T cll structures later is similarly 
distributed according to the distribution of th e e lectrons, so 
that the two - dimensional carrier distribution in the 
proximity of the N - typ e s e miconductor sid e within th e 
multi - lay e r quantum w e ll structures is relatively high 
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(Currently Amended) 11. A semiconductor optical amplifier comprising 
The method according to claim 9 wherein : 

a first and a second separate confinement hetero-structure 
(SCH) regions and a multi-layer quantum well structure 
comprising multiple layers each having a different 
luminescent wavelength disposed between said first and 
second SCH regions wherein said SCH regions having a 
reduced width whereby a time for capturing a hole carrier in 
said multi-layer quantum well structure is substantially 
equal to a time for capturing an electron carrier in said 
multi-layer quantum well structure. 

#— + , > — » hol e s arc sufficient to e nter the two - 

dim e nsional energy level of the multi - lay e r quantum well 
structures earlier and thereby result in a higher hole density 
in the proximity of the P - type semiconductor sid e , and the 
electrons that enters the two - dimensional energy level of the 
multi - layer quantum well structures later is similarly 
distributed according to th e distribution of the holes, so that 
the two - dimensional carrier distribution in the proximity of 
the — P - typc — s e miconductor — side — within the — multi layer 
quantum well structures is r e latively high. 
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(Currently Amended) 12. The semiconductor optical amplifier m e thod 
according to claim 9 H further comprising wherein : 

a barrier layer disposed between an upper quantum well 
layer of said multi-layer quantum well structure and a 
lower quantum well layer of said multi-layer quantum well 
structure having a different luminescent wavelength from 
said multiple layers of said multi-layer quantum well 
structure. 

tf-» J^-^^j; holes arc selected as the dominant carri e r within 

the multi layer quantum well structures, so as to obtain a 
temperature sensitivity and a better temp e rature coefficient due 
to the relatively large equivalent mas3 of holc3. 
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(Currently Amended) 13. The semiconductor optical amplifier method 
according to claim 9 11 wherein: 

said first SCH region is disposed near a first semiconductor 
5 region of a first conductivity type and said second SCH 

region is disposed near a semiconductor of a second 
conductivity type opposite said first conductivity type. 

if-*^^* electrons arc selected as th e dominant carrier 

ft, lOiul p,lOltll 

10 within the multi - layer quantum well structur e s, so as to obtain a 

relatively uniform carri e r distribution within th e multi - layer 
quantum well structures and a relativ e ly larger gain bandwidth. 

(Currently Amended) 14. The semiconductor optical amplifier m e thod 
15 according to claim 1 H wherein: 

said different luminescent wavelengths for each of said multiple 
layers of said multi-layer quantum well structure are provided 
for spectrally combining into a broadband spectrum covering 
20 substantially a wavelength range from 1250nm to 1650nm. 

the photoelectric s e miconductor device is on e of a semiconductor 
optical amplifier, a supcrluminc3ccnt diode, and a semiconductor 
laser, and is adapted for III - V semiconductors us e d in an optical 
communication syst e m. 

25 



June 17, 2005 



-12- 



IAM03194(10/729,411) 



(Currently Amended) 15. The semiconductor optical amplifier m e thod 
according to claim 1 H wherein: 

each of said layers of said multi-layer quantum well structure 
5 having different widths for providing said different luminescent 

wavelengths for spectrally combining said different luminescent 
wavelengths into a broadband spectrum. 
the separate confinement het e rostructure is formed from on e 
group of II VI semiconductors, III - V semiconductors, and IV 
10 semiconductors, combinations of II - VI semiconductors, III - V 

semiconductors, and IV semiconductors, and optionally includes 
a plurality of chemical elements. 

(Currently Amended) 16. The semiconductor optical amplifier method 
15 according to claim 1 11 wherein: 

each of said layers of said multi-layer quantum well structure 
having different materials for providing said different 
luminescent wavelengths for spectrally combining said different 
20 luminescent wavelengths into a broadband spectrum. 

th e multi - layer quantum well structur e s arc formed from one 
group of II - VI semiconductors, III V semiconductors, and IV 
s e miconductors, and optionally includ e s a plurality of chemical 
25 elements. 
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